Lagged correlation of dynamic height from the gappy California Cooperative Oceanic Fisheries Investigation (CalCOFI) with monthly San Diego sea level for the period shows that the dynamic height propagates westward at 4.10 cm s
Introduction
Analysis of sea level, sea surface temperature (SST), and thermocline observations (Enfield and Allen 1980; Chelton and Davis 1982; Kessler 1990 ) has shown that much of the interannual variability along the California coast originates along the equator; California sea level and SST tend to be higher than normal and the thermocline depth tends to be greater during El Niño, while during La Niña sea level and SST tend to be lower than normal and the thermocline shoals. Based on lowfrequency theory (see, e.g., Schopf et al. 1981; Cane and Moore 1981; Clarke 1983 ) the interannual sea level signal seen along the coast of California should propagate westward as long Rossby waves. White and Saur (1983) and Kessler (1990) both provided bathythermographic evidence for such long interannual waves leaving the coast south of 30°N, but so far there has been little documentation of long interannual Rossby waves propagating westward from the coast north of 30°N. In fact, in their analysis of bathythermographic data along the great circle route between San Francisco and Hawaii, White and Saur (1983) found no evidence of waves propagating westward from the coast north of 30°N "for reasons unknown. " Miller et al. (1997) , using a coarse-resolution 2°latitude by 5°longitude grid, concluded that north of 25°N interannual ocean variability in the interior ocean is caused by interannual wind stress curl forcing rather than the boundary signal propagating westward from the coast. On the other hand, at 35°N Herrera-Cervantes and Parés-Sierra (1994) found evidence of westward propagation of the 1983 El Niño low-frequency sea surface temperature signal within about 1000 km of the coast. Fu and Qiu (2002) also showed that the westward-propagating boundary signal penetrated a similar distance into the interior near this latitude in their analysis of 8 yr of Ocean Topography Experiment (TOPEX)/Poseidon satellite altimeter data.
In section 2 we will search for Rossby waves in the data-rich region off California where hydrographic and other oceanographic measurements have been made since 1949 under the California Cooperative Oceanic Fisheries Investigation (CalCOFI). We find that dynamic height does propagate westward, and we independently check the propagation speed in section 3 using the shorter decade-long satellite sea level estimates. Both propagation estimates agree very well, but the speed is double that expected.
Past theoretical studies (Killworth et al. 1997; Dewar 1998; Dewar and Morris 2000) have suggested that Rossby waves may propagate faster because of the influence of large-scale zonal ocean currents. But in section 4, when we use the theory of Killworth et al. (1997) to calculate wave propagation speeds with the zonal component of the mean California Current included, we find that the discrepancy between theory and observation is even larger. Mean meridional coastal flow can also strongly affect low-frequency coastal ocean dynamics , but the theory developed in the appendix shows that while the California meridional mean flow component affects the Rossby wave amplitude, it has no effect on the wave speed. Slowly varying changes in ocean depth can also affect the propagation speed (Killworth and Blundell 2003) , but in section 4 we will show that even when both topographic variations and mean California Current flow are included, the speed of the westward-propagating interannual signal is still only about half that observed.
An awareness of the westward wave propagation is needed to understand interannual variations in the California Current. Schneider et al. (2005) showed that "the flow anomalies . . . are independent of large-scale climate indices." They suggested that the flow anomalies might be due to "unresolved, small-scale atmospheric forcing" or "intrinsic ocean mesoscale variations prevalent in the California Current." Based on the Schneider et al. result that the flow anomalies are independent of large-scale climate indices, we would expect that the San Diego sea level, which is well correlated with the El Niño index Niño-3.4 (see Fig. 1 ), should also be uncorrelated with the flow anomalies. In section 5 we show that, based on the observed westward wave propagation, the coastal flow anomalies are indeed uncorrelated with interannual San Diego sea level. However, the coastal flow anomalies are still directly related to the large-scale dynamics since they are proportional to the time derivative of interannual San Diego sea level. In fact, the large-scale interannual variations in the California Current can be estimated and predicted using the time derivative of San Diego sea level. Chelton et al. (1982) and Roesler and Chelton (1987) examined the close connection between interannual California Current variability and fluctuations in zooplankton. In section 6 we will show how interannual California currents and Rossby wave dynamics explain why monthly coastal sea level anomalies can be used to monitor and predict interannual fluctuations in the California Current zooplankton population.
Westward propagation of dynamic height in the gappy 1949-2001 CalCOFI record
The collapse of the sardine population off California spurred the formation of CalCOFI. Since 1949 Cal-COFI cruises have gathered physical, chemical, and biological data from the California Current system (official Web site: http://www.calcofi.org). Probably no other large region in the world has been so intensely sampled for so many years. Even so, the dataset has its shortcomings as the intensity of the sampling and the Trenberth (1984) . This 11-point symmetric filter passes more than 80% of the amplitude at a period of 24 months and longer and less than 10% of the amplitude for periods shorter than 8 months.
region covered have varied considerably. We will concentrate on 63 frequently sampled stations between San Diego and Monterey for the period 1949-2001 (see Fig. 2 ).
To check whether sea level propagates westward at low frequencies, monthly dynamic height should ideally be available at each station. Such height, based on a level of no motion at 500-m depth, can be calculated from salinity and temperature profiles when both are available for a given month. On those occasions when profiles were taken, usually both salinity and temperature were recorded. However, there were a small number of cases when salinity was missing. In these cases we used the average temperature-salinity (T-S) relationship for that location and calendar month to determine the salinity. Small gaps in the vertical temperature profile of two points or less were linearly interpolated. In rare cases when there were gaps bigger than two consecutive points the profile was abandoned.
Based on their zonal distance from the coast, the dynamic height data were grouped (see Fig. 2 ) to form six separate, gappy monthly time series. Dynamic height anomalies were then formed by subtracting out the mean and the seasonal cycle. For example, the anomaly for January 1998 is defined as the January 1998 value minus the average of all the January values available. The resultant gappy anomaly time series are shown in Fig. 3 .
We then calculated lagged correlations of each of the six gappy time series with the complete monthly sea Fig. 1. (a) The shaded diamond group, (b) the solid triangle group, (c) the shaded square group, (d) the solid hexagon group, (e) the shaded circle group, and (f) the solid inverted triangle group. (g) The complete monthly record of anomalous San Diego sea level, the solid line representing interannual sea level found using the low-pass Trenberth (1984) interannual filter (see section 2).
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level anomaly time series at San Diego filtered with a Trenberth (1984) interannual filter. This low-pass filter passes more than 80% of the amplitude at a period of 24 months and longer and passes less than 10% of the amplitude for periods shorter than 8 months. We recorded the lag for each time series when the correlation is maximum. The number of terms in each correlation was equal to the number of dynamic height estimates available in each gappy dynamic height time series since the San Diego time series had no gaps. Figure 4 shows the lags (solid diamonds) and the corresponding regression line between lag and zonal distance from the coast. The regression line (solid line) corresponds to a westward propagation of 4.10 cm s
Ϫ1
. The speed of the first vertical mode long Rossby wave speed varies latitudinally like the reciprocal of the Coriolis parameter squared, but this quantity varies by less than 20% in the CalCOFI region. Detailed calculations in section 4, estimating the meridionally averaged theoretical Rossby wave speed from the same measurement points used in observations, gives a Rossby wave speed of 2.18 cm s
. This is about half of the observed 4.10 cm s Ϫ1 westward propagation. Figure 5 suggests that the westward-propagating signal decreases in amplitude with distance from the coast. The decrease is slight over the CalCOFI region if we ignore the last CalCOFI point, which is based on fewer data than the other points. The falling amplitude is consistent with the results of White and Saur (1983) , who did not observe Rossby waves reaching the San Francisco-Hawaii ship track, and also with the coarseresolution results of Miller et al. (1997) . It is also qualitatively consistent with the satellite sea level height results of Fu and Qiu (2002) and the sea surface temperature results of Herrera-Cervantes and Parés-Sierra (1994). The amplitude fall is not explained by the effect of the mean meridional flow of the California Current on the interannual signal since theory (described in the appendix) predicts an amplitude increase of about 50% over the measurement array.
Westward propagation of sea level height as measured by satellites
We use along-track TOPEX/Poseidon/Jason-1 satellite-estimated sea level height data available through the Web site http://podaac-www.jpl.nasa.gov/. The data cover the period January 1993-December 2001 and the region 29°-39°N, 124°-116°W (see Fig. 2 ). The alongtrack data coverage shown in the figure appears to be continuous but, in reality, observations are about 6-7 km apart along the track; also, data within 50 km of the coast or islands were omitted because the satellite altimeter measurements are inaccurate there. From each along-track measurement location individual measurements 10 days apart were combined to form monthly sea level time series. As for dynamic height, we calcu- The dynamic height and satellite time series were appropriately lagged to remove phase differences with San Diego sea level due to wave propagation; in this way the change in amplitude of the propagating signal could be estimated. lated monthly sea level height anomalies for the same six regions as in the CalCOFI dynamic height analysis in the previous section. An along-track monthly sea level height estimate was included in the average for (say) region 2 if its zonal distance from the coast fell in region 2, namely, 130-260 km from the coast. The other along-track measurements were similarly binned for their respective regions. Note that, although the monthly record is a lot shorter than the hydrographic record, it is complete in time. This implies that both the satellite time series and the San Diego sea level time series could be filtered with the interannual filter used by Trenberth (1984) .
Lag correlations between the satellite and San Diego time series gave a westward propagation speed (4.34 cm s Ϫ1 ) similar to that obtained using dynamic height (see Fig. 4 ). As for the dynamic height, regression coefficients corresponding to the correlations show a fall in the amplitude of the signal with distance from the coast (see Fig. 5 ).
Theoretical wave speeds
The close agreement between CalCOFI and satellite wave speed estimates indicates that long waves propagate westward from the California coast at a speed of about 4 cm s
Ϫ1
. We first checked whether theory agrees with this using the long-wave theory of Killworth et al. (1997) . This linear theory assumes that the stratified ocean is of constant depth H and allows for a largescale zonal mean flow u. The westward propagation speed Ϫc satisfies the following eigenvalue problem for unforced flow:
In (4.1) and (4.2) W(z) is the vertical velocity eigenfunction, N the buoyancy frequency, f the Coriolis parameter, and ␤ its northward gradient. When u ϵ 0 the above problem reduces to standard linear normal mode theory (see, e.g., Gill 1982) . When u 0, (4.1) and (4.2) reduce to the matrix equation
where A and B are tridiagonal matrices and w is the discrete version of the function W.
To solve (4.3) we must estimate u and N. These functions were obtained on a 1°ϫ 1°grid using Levitus hydrographic data (Levitus 1982) and, for u, a level of no motion at 500 m. The level of no motion is probably deeper (Chereskin and Trunnel 1996) but calculations show that our results are similar if we use a deeper (e.g., 700 m) reference level for u. Calculations were done only in water at least 3000 m deep where the water depth was approximately constant. Solutions for the fastest vertical mode varied from 1 cm s Ϫ1 in the northern part of the CalCOFI region to 3 cm s Ϫ1 in the south. To compare the theoretical results with the observations, we calculated theoretical lags at the same grid points as the observations using the theoretical speeds and known zonal distance from the coast. In theory this map of lags can be divided into the same six regions that were used for the CalCOFI and satellite data. However, the two regions closest to the coast only contain points in the north since the southern region is shallower than 3 km. Since the theoretical speeds are much slower in the north, we decided not to bias our calculations by including the two regions closest to the coast. Figure 4 shows the theoretical wave speed estimates based on four of the six regions and zero lag at the coast. With u ϭ 0 the westward propagation speed is 2.18 cm s Ϫ1 , only about one-half of that observed. Inclusion of the large-scale zonal California Current flow gives a westward speed of 1.56 cm s
, differing even more from the observations. Clarke and Li (2004) showed that meridional flow can strongly affect coastal interannual variability. In the appendix we develop the theory for the effect of meridional flow on westward-propagating Rossby waves. However, the theory does not predict a change in the westward propagation speed. Killworth and Blundell (1999) examined how slowly varying water depth affects the wave speed. However, even when both varying bottom topography and zonal mean flow are included in the theory (Killworth and Blundell 2003) , CalCOFI wave speeds are still only about half the observed speeds (Fig. 4) . Tailleux and McWilliams (2001) have suggested that if the deep ocean can somehow be decoupled from the upper ocean, then the baroclinic wave propagation speed will be increased. However, it is not clear whether such decoupling occurs in the CalCOFI region. Furthermore, the decoupled wave propagation speed is less than that observed.
We conclude that no standard theory can explain the observed propagation. We will not pursue this issue further here, but will rather focus on how the observed westward propagation can help us understand interannual fluctuations in the California Current (section 5) and zooplankton (section 6).
Interannual fluctuations in the California
Current Chelton et al. (1982) used an EOF analysis to describe interannual variability in the California Current and showed that such variability is correlated with in-
terannual coastal sea level and El Niño. On the other hand, Schneider et al. (2005) showed that "the flow anomalies are independent of large scale climate indices." These conclusions seem contradictory. We will attempt to understand the above conclusions using the observed westward propagation results from section 3. Since the sea level and dynamic height anomalies Ј propagate westward at a speed ␥ Ϸ 4.2 cm s
Ϫ1
, Ј may be written
for some general function G, where x is distance eastward and t is time. It follows from (5.1) that
͑5.2͒
By geostrophy and (5.2), the north-south component of the fluctuating surface interannual flow is
͑5.3͒
where g is the acceleration due to gravity. However, (5.3) does not describe the alongshore interannual fluctuations in the California Current since these fluctuations are not north-south. Instead, we must estimate
͑5.4͒
where Ϫn is the distance normal to the coast (see Fig. 6 ).
To estimate Ј, first note that since the alongshore wind forcing over the California Current region negligibly changes the anomalous coastal sea level (Enfield and Allen 1980) , the condition of no normal flow at low frequencies implies
where s is the alongshore distance from the origin (see Fig. 6 ). Since
where ١ is the horizontal gradient operator and e n and e s are unit vectors in the directions of n and s, respectively, it follows from (5.5) and (5.6) that
١Ј ϭ e n ѨЈ Ѩn .
͑5.7͒
Hence, if i is the unit vector in the x direction
where is the angle between i and e n (see Fig. 6 ). Equations (5.4) and (5.8) then imply that
͑5.9͒
or, by (5.3), that
͑5.10͒
Notice that (5.10) enables us to estimate the anomalous large-scale low-frequency interannual surface flows anywhere in the California Current using the time derivative of local interannual sea level. Since local sea level is related to coastal San Diego sea level by westward wave propagation, large-scale interannual variations in the California Current can be estimated by appropriately lagging the time derivative of interannual San Diego sea level.
It is clear from (5.10) that alongshore anomalous California Current variability is directly linked to San Diego sea level and hence to climate variability associated with El Niño. Why, then, did Schneider et al. (2005) find that the anomalous California Current variability is unrelated to large-scale climate indices? The correlation of coastal Ј with San Diego sea level is proportional to the covariance of coastal Ј and Ј, which, by (5.10), is proportional to the covariance of Ј and ‫ץ‬Ј/‫ץ‬t. The latter covariance is
since (Ј) 2 is always finite. Thus coastal Ј is uncorrelated with San Diego interannual sea level and therefore, not surprisingly, with the El Niño index Niño-3.4. Consequently, even though Ј is directly related to the FIG. 6 . Normal and tangential coordinates (n, s) to a coastline making an angle with due north.
San Diego and ENSO signals through (5.10), it is uncorrelated with those signals because it is proportional to ‫ץ‬Ј/‫ץ‬t rather than Ј. This proportionality is entirely due to the propagating nature of the signal. Representation of Ј using the first EOF mode of dynamic height anomalies (see Chelton et al. 1982) does not represent ‫ץ‬Ј/‫ץ‬t and therefore does not model Ј.
Many papers have been written about coastal fluctuating flows that have periodicity of a few days to a few weeks. Such flows can be described in terms of coastally trapped waves having Ј proportional to Ј. We emphasize that trapped wave dynamics is incorrect on interannual time scales; mathematical and physical arguments (see, e.g., Clarke and Shi 1991) show, for example, that coastal Kelvin waves do not exist on nonzonal coastal boundaries at low enough frequencies. At low enough frequencies, Rossby wave dynamics is applicable. The relationship of Ј and Ј at interannual frequencies based on Rossby wave dynamics has also been discussed by Pizarro et al. (2001) .
Closely associated with the alongshore current anomaly is the anomalous alongshore particle displacement (⌬s)Ј. Assuming, as the observations seem to suggest, that the large-scale interannual dynamics are linear, we may write
Substituting (5.12) into (5.10) and integrating with respect to time gives ͑⌬s͒Ј ϭ gЈր͑ f␥ cos͒.
͑5.13͒
Thus particles are displaced poleward along the coast when Ј is positive and equatorward when Ј is negative. A typical amplitude of this displacement oscillation can be estimated from a knowledge of the typical amplitude of Ј. Since the amplitude of a sinusoidal oscillation A cos(t) is ͌2 times the root-meansquared (RMS) value of A cos(t), an estimate of the amplitude of Ј is ͌2 times the RMS value of the dynamic height in the CalCOFI region. This value, calculated from the first six time series in Fig. 3 , is 4.6 cm. Using this amplitude for Ј, together with g ϭ 9.8 m s Ϫ2 , ␥ ϭ 4.2 cm s Ϫ1 (see Fig. 4 ), f ϭ 8 ϫ 10 Ϫ5 s
Ϫ1
, and the coastline angle ϭ 46°(see Fig. 6 ), enables us to estimate the anomalous alongshore displacement amplitude from (5.13) as (⌬s)Ј ϭ 193 km; that is, the range of particle displacement alongshore due to interannual flow is about 400 km. The corresponding anomalous velocity, (⌬s)Ј, where is a typical ENSO frequency, is only about 1 to 2 cm s
. Physically, even though the velocity is small, the alongshore displacement is large because the current is in one direction for a long time. Chelton et al. (1982) showed that interannual fluctuations in the California Current zooplankton were not related to variations in the local wind forcing but rather to variations in the California Current. They suggested that when the sea level is anomalously low, the California Current is stronger than normal and advects the higher nutrient northern water southward. The higher nutrient water then results in increased phytoplankton and zooplankton. But Roesler and Chelton (1987) , by examining the age distribution of the zooplankton, concluded that in the region of our study (see Fig. 2 ), the interannual changes in zooplankton were mainly due to interannual advection of the zooplankton themselves. However, this conclusion was based on limited data.
Interannual fluctuations in California Current zooplankton
The hypothesis of Roesler and Chelton can be written mathematically as
where PЈ is the anomalous interannual zooplankton concentration and ‫ץ‬P/‫ץ‬s is the mean alongshore gradi- FIG. 7 . P, CalCOFI zooplankton concentration averaged in time and plotted as a function of distance northward along the coast. The nine data points correspond to P averaged along each of the nine sections perpendicular to the coast in Fig. 2 , beginning with the San Diego section (s ϭ 0). Each of the nine section averages only extended from the coast outward to the station nearest the satellite track 130 in order not to bias P by the low plankton values farther from the coast, which only occur in the south. In practice, inclusion of these stations in P did not change the results much; the correlation decreased from r ϭ 0.96 to r ϭ 0.93, and ‫ץ‬P/‫ץ‬s increased from 39.9 to 44 mL (1000 m . This is comparable to ͌2 RMS PЈ ϭ 106 mL (1000 m 3 ) Ϫ1 found from the anomalous interannual zooplankton concentration averaged over the CalCOFI region of Fig. 2 . Hence anomalous interannual advection of the zooplankton appears to explain a large fraction of the zooplankton variability.
On the other hand, if, as (5.13) and (6.2) suggest, PЈ is proportional to Ј, then time series of PЈ and Ј should have similar shapes. But Fig. 8 suggests that they do not; the PЈ time series appears to have maxima that are less frequent and much larger than the minima while the Ј time series is more symmetric about the zero axis. Figure 9a and 9c show this difference more clearly in frequency distribution plots. Chelton et al. (1982) and Roesler and Chelton (1987) note that variations in ln P (where P is the zooplankton concentration) behave better statistically than variations in P and, consistent with this, ln P is more symmetric about its mean than P (see Figs. 9b and 9a) . In other words, (ln P)Ј is much more symmetric about the zero axis than PЈ and therefore has a structure more like ϪЈ (see Fig. 8 ).
Is there an argument for (lnP)Ј to be proportional to ϪЈ? Consider the second possible mechanism proposed by Chelton et al. (1982) , the one in which flow anomalies in the California Current advect higher or lower nutrient water into a region and then the local population adjusts to the increased or decreased food supply. Following similar arguments by Clarke and Li (2004) and Li and Clarke (2004) , if the sea level rises by an amount ␦, then, by the arguments in section 5 [see, e.g., (5.13)], there is northward alongshore displacement of lower nutrient water and hence a lower nutrient concentration locally. In addition, positive ␦ corresponds to a downward displacement of the pycnocline and nutricline, also resulting in a lower nutrient concentration. A lower nutrient concentration will lead to fewer phytoplankton and fewer zooplankton. We expect that larger ␦ will result in a bigger change ␦P in zooplankton concentration, and we crudely model this by assuming that ␦P is proportional to ␦. We also suspect that ␦P will be proportional to P because the same nutrient change will result in more biomass if there are more animals present. Thus we write ␦P ϭ ϪP␦, ͑6.3͒
the negative sign being included because we take Ͼ 0 and an increased (decreased) sea level results in negative (positive) ␦P. Integrating (6.3) from a sea level 0 when P ϭ P 0 to general and P gives ln͑PրP 0 ͒ ϭ Ϫ͑ Ϫ 0 ͒.
͑6.4͒
Subtracting the mean and annual cycle from both sides of (6.4) gives the anomaly equation
The relationship (6.5) applies locally but cannot be tested point by point because the zooplankton data are too noisy locally. If we average the (lnP)Ј over the entire CalCOFI region, then from (6.5) we might expect (lnP)Ј to be proportional to Ϫ Ј averaged over the region. Figure 10 shows that these time series are indeed correlated (r ϭ 0.67). This linear correlation is numerically larger than the linear correlation of PЈ with ϪЈ(r ϭ 0.45). However, the better match of (lnP)Ј with ϪЈ than of PЈ with ϪЈ is best seen by both the high correlation of (lnP)Ј with ϪЈ and by the incompatibility of the PЈ and ϪЈ variability in Figs. 8 and 9 .
Since also (6.5) supposedly applies locally, and Ј propagates westward from the coast, (lnP)Ј averaged over the CalCOFI region should lag the sea level at the coast. The observed lag of Ј at the westernmost part of the CalCOFI region is about 6 months (see Fig. 4 ), so the lag of (lnP)Ј averaged over the CalCOFI region should be about 3 months. Consistent with this, Fig. 11 FIG. 9. Frequency distribution of (a) zooplankton concentration anomalies PЈ, (b) the natural logarithm of zooplankton concentration lnP, and (c) dynamic height anomalies Ј. All three variables are averaged over the CalCOFI region in Fig. 2 .
shows that the San Diego sea level anomaly is most highly correlated with the anomalous logarithm of the zooplankton concentration when it leads it by about 2 months. This implies that the zooplankton concentration in the California Current can be monitored and predicted using monthly San Diego sea level.
Concluding remarks
Both hydrographic and altimeter observations indicate a definite westward propagation of sea level and dynamic height anomalies off the California coast. However, the westward propagation speed of about 4.2 cm s Ϫ1 is approximately double the standard long Rossby wave speed of 2.2 cm s
Ϫ1
. Inclusion of the mean California Current in the theory (Killworth et al. 1997) increases rather than decreases the discrepancy. When both bottom topography and mean flow are included (Killworth and Blundell 2003) , the propagation speed increases but it is still only about half that observed.
The large-scale westward propagation fundamentally affects the low-frequency flow variability. The observations suggest that, because of the propagation, largescale interannual current fluctuations in the California Current can be approximately monitored using the time derivative of interannual San Diego sea level. Both alongshore and vertical particle displacements change the nutrient content of the surface waters, and in both cases an abnormally high sea level corresponds to decreased nutrient concentration in the surface water and an abnormally low sea level corresponds to increased nutrient concentration in the surface water. We can expect the nutrient changes to influence the phytoplankton and hence zooplankton population. As shown in section 6, this links the anomaly of the logarithm of zooplankton population with monthly sea level anomalies and enables the monitoring and prediction of California Current zooplankton population using San Diego sea level. Technology (CNPq-200132/2001-6) . We also thank Peter Killworth and Jeffrey Blundell for providing some of the data used in Fig. 4 .
APPENDIX

The Effect of Mean Meridional Flow on Long Rossby Waves
We will consider a simple model to highlight the influence of mean meridional flow on long Rossby waves. Clarke and Li (2004) analyzed a similar model but in their case the mean flow was strong enough that the dynamics could be taken to be quasi-steady. Our model has two layers of fluid of constant density, the upper layer of depth h being much thinner than the lower layer. Under the assumption that the local wind forcing Ebisuzaki (1997) show that the probability that the correlation is significantly different from zero is greater than 99%.
